Introduction {#Sec1}
============

Primary fallopian tube carcinoma (PFTC) is an aggressive, malignant tumor of the female genital tract with an unfavorable prognosis. It is often classified with primary ovarian and peritoneal carcinomas within the epithelial ovarian cancer umbrella. There are currently at least five major histologic types of epithelial ovarian cancer: high- and low-grade serous, endometrioid, mucinous, and clear cell carcinoma. High-grade serous carcinomas are the most common type, comprising 70--80% of cases. More recent evidence has suggested that epithelial ovarian cancers originate from a fallopian tube precursor. When grouped together, ovarian, fallopian tube and primary peritoneal carcinomas account for 2.5% of all new female cancer cases in the United States (an incidence rate of 11.6 per 100,000 women per year, amounting to more than 22,000 diagnoses each year) \[[@CR1], [@CR2]\], which may account for the high incidence of PFTC. There are also many factors that have led to the incidence of PFTC increasing by 4.19-fold from 2001 to 2014, including changes in diagnostic practices, increased early detection, and improved pathology processing \[[@CR3], [@CR4]\]. Usach et al. showed that PFTC had better overall survival than ovarian and primary peritoneal carcinomas (50% versus 37 and 40%, respectively) \[[@CR5]\]. The pathways of metastasis of PFTC include hematogenous and lymphatic metastasis, peritoneal transcoelomic spread, direct invasion, etc. Intraperitoneal metastasis, including lymph node metastasis, peritoneal transcoelomic spread and regional invasion, is the major metastasis pathways in this disease. However, extra-abdominal metastasis in PFTC is extremely rare, as is mediastinal metastasis. Here, to the best of our knowledge, we report a rare case of PFTC mediastinal metastasis for the first time.

Case presentation {#Sec2}
=================

A 68-year-old postmenopausal female was admitted to our department for a mediastinal mass that was found via chest computed tomography (CT). She was diagnosed with low differentiated adenocarcinoma of the fallopian tube without regional lymphatic metastasis, including the retroperitoneal perivascular and pelvic mesenteric areas and the right iliac blood vessel, after radical resection, including uterine, bilateral attachment and pelvic lymph node dissection, was performed in another hospital 5 years before. Five cycles of chemotherapy with a paclitaxel and cisplatin (TP) regimen were subsequently administered to this patient. None of the significant symptoms presented in the previous 5 years of routine follow-up until a mediastinal mass was found on CT scan, which was performed because of a cough with expectoration that presented in the patient 10 days earlier. There was no pertinent family history of cancer. Her physical examination had no obvious abnormalities. The enhanced chest CT showed a mixed cystic-solid mass with irregular lobes and fat density in the right upper mediastinum, approximately 27 mm × 28 mm in size (Fig. [1](#Fig1){ref-type="fig"}). No evidence of metastasis was found in the upper abdomen, brain or bone via enhanced CT, magnetic resonance imaging (MRI) or single-photon emission computed tomography (SPECT). Serum testing of tumor markers showed that the cancer antigen 125 (CA-125) level was 99.00 U/ml (normal, \< 35 U/ml), and the cytokeratin-19 fragment (CYFRA21-1) level was 4.09 ng/ml (normal, \< 3.3 ng/ml). Carcinoembryonic antigen (CEA), CA153, neuron-specific enolase (NSE) and squamous cell carcinoma antigen (SCC) levels were normal in this patient. Resection of the right upper mediastinal mass, mediastinal lymph node dissection and anterior mediastinal fat dissection were performed via video-assisted thoracoscopic surgery (VATS), as the diagnosis of primary malignant mediastinal tumor was considered priority. Because of the tumor in the right upper mediastinum, we chose the lateral intercostal approach. The patient was placed in the left lateral decubitus position. The incision was made in the fourth right intercostal space at the anterior axillary line. The tumor was to the front of the ascending aorta. To ensure en bloc dissection of the tumor, we excised the tumor with an ultrasonic scalpel, not with an electric hook. The dissection started at the anterior border of the phrenic nerve. The tumor was then mobilized to expose the ascending aorta and innominate vein. Then, the mediastinal fat was fully dissected from the phrenic nerve, the aortopulmonary window, and the aorta. The mass was radically resected (Fig. [2](#Fig2){ref-type="fig"}a). microscopically, hematoxylin-eosin (HE) staining showed that the mediastinal tumor was composed of serous adenocarcinoma cells (Fig. [2](#Fig2){ref-type="fig"}b - c), and mediastinal metastasis of the PFTC was confirmed by strong positive expression of PAX-8, CK7, EMA and WT-1, partial positive expression of estrogen receptor and negative expression of P53, CEA, Napsin A, PR, calretinin and TTF-1, as verified by immunohistochemical (IHC) staining (Fig. [2](#Fig2){ref-type="fig"}d - n). The Ki-67 labeling index was 70% (Fig. [2](#Fig2){ref-type="fig"}o), and one of four lymph nodes in the adipose tissue surrounding the tumor was also demonstrated to contain metastasis in this patient. Six cycles of the TP regimen were performed after resection. The patient was followed up regularly by head MRI and enhanced chest and whole abdominal CT scans. There are no signs of recurrence or metastasis to date. Fig. 1Chest CT scans. Chest CT scans of this patient showed a 27 mm × 28 mm (arrows) mass with mixed cystic solid lump, irregular lobes and fat density features in right upper mediastinumFig. 2The pathological characters of the tumor. **a** Pathological finding of the mediastinal irregular mass. **b** - **c** microscopically, hematoxylin-eosin (HE) staining showed serous carcinoma with the cells had large, oval-shaped and deeply stained nuclei. **d** - **h** Immunohistochemical (IHC) staining of the tumor with antibodies to PAX-8, CK7, EMA and WT-I were strong positive expression, and ER partly positive expression, and **i** -- **n** negative expression of P53, CEA, NapsinA, PR, Calretinin and TTF-1, respectively. **o** the Ki-67 labeling index was 70%

Discussion {#Sec3}
==========

Mediastinal tumors, including primary tumors and secondary tumors, are common in the chest and are most commonly thymomas and retrosternal thyroid tumors. CT can not only show the size, density and edge of the tumor but also indicate the relationship between the tumor and the surrounding organs in the chest, including large vessels, lungs, pericardium, heart, pleura, etc. However, it is very difficult to distinguish primary and second tumors by chest CT. Metastatic mediastinal tumors occur as a result of tumor cell invasion originating from an adjacent organ and pleural and distant metastasis. Nevertheless, mediastinal metastasis from fallopian tube carcinoma is extremely uncommon. Metastasis of this disease has been reported in recent years. The rare and distant metastasis sites of PFTC include supradiaphragmatic lymph nodes, axillary lymph nodes, brain, vagina, femur and rib, ovary, cervix, lung, spine, colon, skin and diaphragm \[[@CR6]--[@CR21]\]. However, to our knowledge, no mediastinal metastasis of this tumor has been reported yet. Hence, we report for the first time a rare case of PFTC mediastinal metastasis.

PFTCs occur most frequently in patients of 55--60 years \[[@CR22]\]. The etiology of this tumor is still unknown, and because such cancer types tend to be diagnosed at advanced stages, the early molecular events underlying development are not fully clarified. A series of studies may attribute such cases to chronic tubal inflammation, infertility, tuberculosis salpingitis or tubal endometriosis \[[@CR23]\]. Meanwhile, germline BRCA1 and BRCA2 mutations, as in ovarian and breast cancer, showed an increased tendency to lead to PFTC development \[[@CR24]--[@CR27]\]. PFTCs usually originate in the ampulla, and the progression pattern can be nodular, papillary, and infiltrative \[[@CR10]\]. The majority of symptoms of PFTCs fall within a set of symptoms called the Latzko triad, including pelvic pain, pelvic mass, and serosanguinous vaginal discharge.

The most common pathway of PFTC metastasis, occurring in 80% of cases (similar to the occurrence in ovarian cancer), is intraperitoneal dissemination, including lymph node metastasis, uterus invasion and ovarian invasion \[[@CR28]\]. M.D. et al. demonstrated that intraperitoneal lymph node metastasis of PFTC accounted for 59% of para-aortic lymph node lesions, accounting for 33% of cases \[[@CR29]\]. Fully understanding the lymphatic drainage from the fallopian tube may shed light on the metastatic pattern. The proximal portion of the tube closest to the uterus drains towards the para-aortic nodes, and the distal portion including the fimbriae drains towards the pelvic nodes, leading to a favorable metastatic site for primary tumors in each region \[[@CR29]--[@CR31]\]. Other rare metastatic sites have also been reported. Skin metastases are rare and are classified as umbilical metastasis (Sister Mary Joseph's nodule \[SJN\]) and nonumbilical metastasis. Fifty-three percent of Sister Mary Joseph's nodules originated from malignancies of the female genital tract, particularly ovarian carcinoma \[[@CR20]\]. Jonathan P. Eskander et al. reported a case of a 68-year-old woman with metastasis of a fallopian tube cancer to the L1 vertebral body \[[@CR17]\]. A 50-year-old woman with metastasis of a fallopian tube cancer to the ovary has also been reported \[[@CR15]\]. Other uncommon metastatic regions, including the central nervous system (CNS), uterus and diaphragm, have also been reported recently \[[@CR11], [@CR21], [@CR32]\]. The reported metastatic regions of PFTC are summarized in Table [1](#Tab1){ref-type="table"}. Nevertheless, mediastinal metastasis of PFTC has not yet been reported. This suggests that nonpulmonary metastases alone as the sole form of distant (extra-abdominal) metastatic spread are very unusual. The exact mechanism by which cancer cells metastasize to the upper anterior mediastinum from fallopian tube malignancy is unclear. Even though the main pattern of metastatic spread of PFTC occurs via lymphatic vessels, hematogenous spread to the site cannot be excluded. Hematogenous dissemination plays a critical role in the distant metastasis of epithelial ovarian cancer \[[@CR33]\]. Further research may focus on the mechanism underlying the mediastinal metastasis of PFTC. Given that its clinical behavior is similar to that of epithelial ovarian cancer, PFTC is managed in the same way: debulking surgery and platinum-based chemotherapy. Novel targeted therapies may extend the survival of patients with advanced fallopian tube carcinoma, including poly (adenosine diphosphate \[ADP\]-ribose) polymerase (PARP) inhibitors, anti-vascular endothelial growth factor (VEGF) antibodies and programmed cell death protein \[PD\]-1 inhibitors. PARP inhibitors are particularly efficacious in patients with BRCA1/2 gene mutations \[[@CR34]\] and have been shown to benefit patients. Here, we reported this rare case to alert clinicians to the potential that PFTC may present mediastinal metastasis occasionally in clinical practice. For patients with PFTC at an advanced stage, it is necessary to perform aggressive cytoreductive surgery \[[@CR35]\]. Table 1Literature review of metastasis of PFTCAuthorAgeMetastatic siteSizes of metast-atic site (mm)SymptomsTreatmentMetastasis of pelvic, and/or para-aortic lymph node(years)Harl F et al. \[[@CR11]\]68CNSN/AMild confusion and anomic aphasiaMTR, HC, BSO, RT, CTleft para-aortic lymph nodeQinhe Zhang et al. \[[@CR16]\]49cervix9 × 5Lower abdominal pain and colporrhagiaHC, BA, PLD, OME, CTnoneToyoda T et al. \[[@CR21]\]83diaphragm30Physical examination discoveryHC, BSO, LAR-R, IPSSO, CTN/AEken MK et al. \[[@CR7]\]60Left supra-clavicular lymph nodeN/APalpable left supraclavicular lymph nodeHC, BSO, AE, T-O, PPALE, CTnoneEskander JP et al. \[[@CR17]\]68SpinalN/AIntractable back pain and lower extremity weaknessL1 corpectomy and reconstruct-ion, CT, RTN/ACourville et al. \[[@CR13]\]56right femur and left eighth anterior ribN/AEvaluation of aCT, RTN/Aright proximal femur lesionAtallah C et al. \[[@CR9]\]73right axillary lymph nodes30Palpable enlarged right axillary lymphHC, SON/AnodesGuler I et al. \[[@CR8]\]61axillaryN/APalpable left axillary masspalpable left axillary massHC, BSO, PPA-LE, OE, SSCRfourmetastatic pelvic lymph nodesKadour-Peero E et al. \[[@CR12]\]41vaginal Mass100Irregular vaginal bleeding, vaginal mucous discharge and suspected pelvic massNCT, HC, BSO, OE, partial vaginectomy, ARR, LNDtwo metastatic lymph nodesWah N et al. \[[@CR15]\]50ovarian30 × 20 × 10The ill-defined tender mass and intermittent bleeding per vaginumHC, BSON/AUsui G et al. \[[@CR18]\]65colon65 × 29Constipation and diarrheaNCT, HC, BSOpara-aortic and mesen-teric lymph nodesKirshtein B et al. \[[@CR19]\]54umbilical15 × 10 × 7Umbilical herniaHC, OE, CTN/AWinter-Roach BA et al. \[[@CR30]\]69right inguinal lymph node15Right-side inguinal swellingHC, BSO, OE, P-PALE, CTone right pelvic and one para-aortic lymph node*CNS* central nervous system, *MTR* microsurgical tumor removal, *HC* hysterectomy, *RT* radiotherapy, *CT* chemotherapy, *BSO* bilateral salpingo-oophorectomy, *BA* bilateral adnexectomy, *PLD* pelvic lymph node dissection, *OME* omentum majus excision, *LARR* low anterior resection of the rectum, *IPSSO* ileocecal peritoneal stripping and subtotal omentectomy, *AE* appendectomy, *TO* total omentectomy, *PPALE* pelvic para-aortic lymphadenectomy, *OE* omentectomy, *SO* salpingo-oophorectomy, *SSCR* egmentary sigmoid colon resection, *NCT* neoadjuvant chemotherapy, *ARR* anterior rectal resection, *LND* lymph node dissection

Conclusion {#Sec4}
==========

PFTC is a rare disease, the most common metastasis region of which is intraperitoneal areas. Here, to the best of our knowledge, we report a case of PFTC with mediastinal metastasis for the first time, which might indicate the heterogeneity of this disease. Despite the extremely rare incidence of mediastinal metastasis of PFTC, the occasional distant metastasis of PFTC may still be seen in clinical practice. Meanwhile, as the mechanism underlying this disease is unclear, further study may focus on it in the future.
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